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SECTION I - PROJECT REQUIREMENT 

A .  Addi t ion  t o  E x i s t i n g  Bu i ld ing ,  Coe los t a t  & Precise Cont ro l  System 
b 

The Goddard O p t i c a l  Research F a c i l i t y  i s  employed i n  a program a t  
GSFC t o  apply  modern o p t i c a l  t echniques  t o  t h e  expanding requi rements  
of t h e  Space Program. These inc lude  p r e c i s e  t r a c k i n g  and p o s i t i o n  
de te rmina t ion  of s a t e l l i t e s  wi th  l a s e r s ,  i n  which GSFC has  achieved 
p r e c i s i o n  o r d e r s  of magnitude beyond any o t h e r  t r a c k i n g  method. The 
technique  is  be ing  adopted by U.  S. m i l i t a r y  agenc ie s  and o t h e r  c o u n t r i e s ,  
even w h i l e  R&D c o n t i n u e s  a t  GSFC t o  f u r t h e r  advance t h e  method. The 
technique  w a s  f i r s t  demonstrated a t  Goddard O p t i c a l  Research F a c i l i t y ,  
I n  t h e  f u t u r e ,  w e  w i l l  ex tend  i t  t o  v e l o c i t y  t r a c k i n g  a s  w e l l  a s  r ange ,  
w e  w i l l  i n c o r p o r a t e  means f o r  o p t i c a l  t r a c k i n g  day and n i g h t ,  and i m -  
prove t h e  p r e c i s i o n .  These f u n c t i o n s  a r e  v i t a l  t o  geodesy, o r b i t  d e t e r -  
mina t ion  of s c i e n t i f i c  s a t e l l i t e s ,  rocke t  gu idance ,  e t c .  

I n  a d d i t i o n  GORF suppor t s  r e sea rch  i n  o p t i c a l  communication. 
U l t i m a t e l y  t h i s  may be the  prime communication l i n k  t o  deep space .  
Goddard O p t i c a l  Research F a c i l i t y  (GORF) w i l l  be used t o  perform re- 
s e a r c h ,  test  developments,  and u l t i m a t e l y  t o  p a r t i c i p a t e  i n  o p e r a t i o n s  
and exper iments  w i th  s a t e l l i t e s  and p l a n e t a r y  probes.  

The f a c i l i t y  i s  unique .  No l a r g e  o p t i c a l  i n s t rumen t s  now can 
p o i n t  w i t h  accuracy  needed by l a s e r s ,  have a c o e l o s t a t ,  and do R&D 
l i k e  o u r s .  

If no e x t e n s i o n  is made t o  GORF, t h e  program w i l l  be s t i f l e d .  
Newly developed l a s e r s  cannot be used u n t i l  t h e  c o e l o s t a t  i s  a v a i l a b l e .  
GORF i s  now so crowded, w e  cannot f u l l y  e x p l o i t  t h e  resu l t s  of OART 
program ( n a t u r a l  consequence of e n t i r e  O p t i c a l  Technology inves tment ) .  

The f a c i l i t y  is r e q u i r e d  i n  a d d i t i o n  t o  a Southwest O p t i c a l  R e -  
s e a r c h  F a c i l i t y  o r  OTTOS. The l o c a l  f a c i l i t y  i s  used f o r  p re l imina ry  
t e s t i n g  c l o s e  t o  t h e  l a b o r a t o r y  and e n a b l e s  u s  t o  r e t u r n  t o  t h e  labora-  
t o r y  f o r  improvements, s tudy  p r a c t i c a l  problems and v e r i f y  p r i n c i p l e s  
of sys tem o p e r a t i o n .  
when t h e  l o c a l  f a c i l i t y  begins  t o  l i m i t  o p e r a t i o n  because 

Only when technology i s  s u f f i c i e n , i y  advanced, 

a )  Ins t rument  i s  t o o  smal l  
b )  Washington, D.  C. environment i s  n o t  good enough 
c )  Laser  s a f e t y  t o  l o c a l  a i r c r a f t  m u s t  be cons idered  

a r e  w e  j u s t i f i e d  i n  the  expense and t r o u b l e  of moving t o  a mountain 
s i te  o u t  w e s t .  So f a r ,  w e  have ,  and w i l l  con t inue  f o r  a long t i m e  t o  
f i n d  t h e s e  l i m i t a t i o n s  permi t  US t o  do a g r e a t  d e a l  of v a l u a b l e  work 
c l o s e  by. A s  p o r t i o n s  of t he  program develop ,  they  should  be moved t o  
a b e t t e r  wes te rn  s i t e ,  bu t  GORF w i l l  always be more and more v a l u a b l e  
i n  per forming  tests on t h e  f r o n t i e r s  of t h e  f i e l d .  
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B. F i e l d  Eleva ted  Labora tory  

The Op t i ca l  Systems Branch i s  p r e s e n t l y  engaged i n  a program t o  
determine t h e  e f f e c t s  of a tmospher ic  t u rbu lence  upon cohe ren t  l a s e r  
communication. Th i s  program is  e s s e n t i a l  t o  t h e  o r d e r l y  development 
of t h e  l a s e r  a s  a means of t r a c k i n g  and communication. P r e s e n t  e f f o r t s  
employ a 0 . 8  k i lome te r  laser range l o c a t e d  a t  t h e  Goddard O p t i c a l  R e -  
search  F a c i l i t y .  A t  t h i s  r ange ,  measurements of t h e  r e f r a c t i v e  index 
s t r u c t u r e  c o n s t a n t  (CN2)  a r e  being made and c o r r e l a t e d  t o  cohe ren t  
r e c e p t i o n  s i g n a l  t o  n o i s e  r a t i o s .  Based upon t h e s e  expe r imen t s ,  and 
upon t h e  b a s i c  a tmospher ic  t heo ry  of T o t a r s k i ,  a s  w e l l  as r e c e n t  ex- 
per iments  by F r i e d ,  an o r d e r l y  means of propagat ion  a n a l y s i s  w i l l  be 
developed t o  a l low t h e  sys t ema t i c  des ign  of l a s e r  communication systems. 

The p r e s e n t  range is  inadequate  because the  pa th  of propagat ion  is  
t o o  c l o s e  t o  the  ground tu rbu lence  l a y e r ,  and because t h e  range a v a i l a b l e  
i s  too  s h o r t .  I n  o r d e r  t o  adequa te ly  s i m u l a t e  t h e  ground t o  s p a c e c r a f t  
t u rbu lence  c o n d i t i o n ,  a range m u s t  be e s t a b l i s h e d  which h a s  most of t h e  
propagat ion  pa th  a t  l e a s t  100 f e e t  above t h e  sur rounding  t e r r a i n .  
F u r t h e r ,  t he  range m u s t  f o r  l o g i s t i c a l  r easons  be i n  c l o s e  proximi ty  
t o  GSFC. 

As a r e s u l t  of an i n v e s t i g a t i o n  of p o s s i b l e  r a n g e s ,  a range from 
t h e  GSFC water tower t o  the  Goddard O p t i c a l  Research F a c i l i t y  appea r s  
most p r a c t i c a l .  The water  tower appea r s  w e l l  s u i t e d  as  one end of t h e  
laser l i n k  becuase i t  is t h e  h i g h e s t  p o i n t  i n  t h e  v i c i n i t y  of GSFC, and 
because due t o  i t s  l a r g e  mass, i t  i s  r e l a t i v e l y  s t a b l e  and f r e e  of v i -  
b r a t i o n .  S ince  l o g i s t i c a l  suppor t  a t  GSFC and GORF a r e  a l r e a d y  i n  e x i s t -  
e n c e ,  t h e  l o g i s t i c a l  problems a r e  minimized. 

I f  the  e l e v a t e d  l a b o r a t o r y  i s  n o t  c o n s t r u c t e d ,  t h e  a tmospher ic  
t u rbu lence  program o b j e c t i v e s  w i l l  be d e f e a t e d  by t h e  l ack  of a range  
s i m u l a t i n g  e a r t h  t o  space  tu rbu lence  c o n d i t i o n s .  T h i s  may r e s u l t  i n  
many c o s t l y  des ign  m i s t a k e s  be ing  made i n  f u t u r e  cohe ren t  laser commu- 
n i c a t i o n  s y s t e m s .  

Data which w i l l  be ob ta ined  wi th  t h i s  l a b o r a t o r y  are r e f r a c t i v e  
index s t r u c t u r e  c o n s t a n t s  a s  a f u n c t i o n  of wave l e n g t h ,  coherence 
a p e r t u r e s  a s  a func t ion  of wave l e n g t h  t empera tu re  gradienL p r o f i l e  
and t h e i r  r e l a t i o n s h i p  t o  t h e  r e f r a c t i v e  index s t r u c t u r e  c o n s t a n t ,  
coherent  r ecep t ion  s i g n a l  t o  n o i s e  r a t i o s  as a f u n c t i o n  of c o l l e c t o r  
a p e r t u r e  and r e f r a c t i v e  index s t r u c t u r e  c o n s t a n t ,  and a c t i v e  t r a d i n g  
cohe ren t  r e c e p t i o n  s i g n a l  t o  n o i s e  r a t i o  as  a f u n c t i o n  of c o l l e c t o r  
a p e r t u r e .  

- 2 -  



SECTION I1 - PROJECT DISCRIPTION 

The Goddard O p t i c a l  Research F a c i l i t y  p r e s e n t l y  c o n s i s t s  o f :  a small 
b u i l d i n g  wi th  a ro l l -back  r o o f ,  which houses t h e  Multi-Mode t e l e s c o p e ,  t h e  

e l e c t r o n i c  c o n t r o l  equipment and desks  f o r  o p e r a t i o n a l  p e r s o n n e l ;  two t e m -  
po ra ry  wooden s h e l t e r s ,  which house exper imenta l  Laser Ranging Tracking  
Mounts; two s u r p l u s  t r a i l e r s ,  which house the  e l e c t r o n i c s  f o r  t h e  r ang ing  
sys tem;  and an  Astrodome wi th  a 20-inch e q u a t o r i a l  mount. I n  a d d i t i o n ,  
occas iona l  o p t i c a l  equipment i s  temporar i ly  p laced  outdoors  a t  t h e  f a c i l i t y  
f o r  exper iments  and checkout.  
t h e  OART programs under t h e  cognizance of t h e  O p t i c a l  Systems Branch. Under 
t h e  f o l l o w i n g  OART t a s k s  equipment and subsystems are be ing  f i e l d  eva lua ted  
a t  t h e  s i t e  and exper imenta l  d a t a  i s  being obta ined  t o  suppor t  and guide  
o p t i c a l  t r a c k i n g  and communication development : 

k Realtime Automatic D i g i t a l  O p t i c a l  Tracker (RADOT), a p r e c i s e  Timing System, 

T h i s  f a c i l i t y  has  been developed t o  suppor t  

Doppler Rece iver  f o r  Argon Laser Tracking  
C02 S t a b i l i z e d  Laser 
CW Argon Laser Doppler Transmi t te r  
Coherent O p t i c a l  Rece iver  S t u d i e s  
O p t i c a l  In s t rumen ta t ion  Development 
Pulsed  Laser Ranging Research 
10.6 Micron S a t e l l i t e  Experiments 

I n  t h e  f i v e  y e a r s ,  approximate ly ,  d u r i n g  which GORF has  been occupied ,  
t h e  o p t i c a l  program h a s  grown i n  scope ,  complexi ty ,  and volume. I n  a d d i t i o n  
t o  t h e  OART t a s k s  performed a t  GORF, which r e s u l t e d  i n  such s u c c e s s f u l  
developments a s  p r e c i s i o n  l a s e r  sa te l l i te  t r a c k i n g  and au tomat i c  t r a c k i n g  
t e l e s c o p e s ,  a l a r g e  number of p r o j e c t s  have been supported by t h e  f a c i l i t y .  
These i n c l u d e  Beacon-Explorer , GEOS , U K ,  Echo, PAGEOS , l una r  s t u d i e s ,  and 
t r a c k i n g  network suppor t ,  The equipment b u i l t  i n t o  t h e  f a c i l i t y ,  which m u s t  
be used on a permanent b a s i s  h a s  now become g r e a t e r  t han  can be accommodated 
i n  t h e  e x i s t i n g  s t r u c t u r e s ,  t h e  advances i n  l a s e r  technology d i c t a t e  new 
i n s t r u m e n t s  and new exper iments .  W e  s h a l l  d i s c u s s  each of t h e  f o u r  CofF i t e m s  
i n  g r e a t e r  d e t a i l .  

A.  Add i t ion  t o  E x i s t i n g  Bu i ld ing  

A l l  p r e s e n t  work a r e a s  are overcrowded. The i,,, ,rument observ ing  
a r e a ,  which is  32 '  x 2 5 '  i s  completely u t i l i z e d  by t h e  Multi-Mode 
Te le scope ,  RADOT, and Multi-Mode Control Console. The basement of 
t h i s  b u i l d i n g  l o s e s  a l a r g e  p o r t i o n  of i t s  a r e a  t o  t h e  c o n c r e t e  sup- 
p o r t  p i e r s  f o r  t h e  two t e l e s c o p e s  which ex tend  many f e e t  i n t o  t h e  
ground. I n  a d d i t i o n ,  t h e r e  a r e  seven racks  of e l e c t r o n i c  equipment 
f o r  t h e  d i g i t a l  s e rvo  c o n t r o l  system f o r  t h e  Multi-Mode Telescope ,  
and t h r e e  r acks  f o r  t he  Timing Standard System, a c o n t r o l  console  

- 3 -  



A .  Addi t ion  t o  E x i s t i n g  Bui ld ing  (Con t ' d . )  

and d a t a  hand l ing  system f o r  t h e  RADOT, and desks  o r  work benches f o r  
approximate ly  n i n e  o p e r a t i n g  pe r sonne l .  
t h e  b u i l d i n g  w i l l  p rovide  an a d d i t i o n a l  2 ,500 squa re  f e e t  of working 
a r e a .  (See drawings.)  A basement w i l l  be pu t  under t h e  ins t rument  
p r e p a r a t i o n  l a b o r a t o r y  and new o f f i c e  a r e a .  The new observ ing  area 
w i l l  have f o u r  i s o l a t e d  and s t a b i l i z e d  p i e r s ,  one f o r  t h e  c o e l o s t a t ,  
t o  be desc r ibed  l a t e r ,  and t h r e e  f o r  experiment components such a s  
lasers and d e t e c t o r s  working i n  con junc t ion  w i t h  t h e  c o e l o s t a t .  The 
obse rva to ry  area w i l l  a l s o  have a ro l l -back  r o o f .  ' 

The proposed expansion of 
v 

B. Coe los t a t  

The f i e l d  exper iments  and laser o p e r a t i o n s  a t  GORF have shown an 
u r g e n t  need f o r  a l a r g e  o p t i c a l  ins t rument  i n  which t h e  f o c a l  p o i n t  
o r  image p l a n e  remains f i x e d  i n  space  wh i l e  i t s  beam d i r e c t i o n  t r a c k s  
over t h e  e n t i r e  sky. Mechanical d e f l e c t i o n  problems are be ing  en- 
countered when t h e  laser is c a r r i e d  on the  t r a c k i n g  mount, as w e  have 
been fo rced  t o  d o ,  t h u s  r e q u i r i n g  i t  t o  o p e r a t e  i n  a l l  a t t i t u d e s .  A 
c o e l o s t a t  b r i n g s  t h e  r ece ived  o r  t r a n s m i t t e d  l i g h t  through t h e  r o t a t i n g  
axes  by means of a series of m i r r o r s ,  so t h a t  t h e  f i n a l  r ay  i s  s ta -  
t i o n a r y .  Such an in s t rumen t  i s  needed t o  suppor t  t h e  many f i e l d  
exper iments  be ing  conducted a t  GORF and planned f o r  t h e  f u t u r e .  
c o e l o s t a t  w i l l  permi t  p r o j e c t  e n g i n e e r s  t o  set  up on t h e  i s o l a t e d  
p i e r s  a t  l e a s t  t h r e e  independent exper iments  comple te ly  wi thou t  
i n t e r f e r i n g  o r  t y i n g  up an e n t i r e  t r a c k i n g  system. By r o t a t i n g  an 
azimuth m i r r o r  any one of t h e  exper iments  may be chosen t o  o p e r a t e  
through t h e  ins t rument .  Large,  heavy l a s e r s  and d e t e c t o r s  can be 
mounted i n  a h o r i z o n t a l  p o s i t i o n  on s t a b i l i z e d  p i e r s ,  d i v o r c i n g  t h e  
lasers from mount v i b r a t i o n s  and avo id ing  d e f l e c t i o n  problems. Heavy 
power c a b l e s  and coo l ing  hoses  w i l l  n o t  have t o  be handled wi th  cab le -  
wraps t o  avoid a f f e c t i n g  t h e  se rvo  sybtem. Fur the r  l a s e r  development 
w i l l  be g r e a t l y  enhanced by r e l a x i n g  t h e s e  mechanical requi rements  
and w e  can expec t  t o  e l i m i n a t e  t h e  long  in s t rumen t  s e t u p  t i m e  r e q u i r e d  
on a conven t ioa l  t e l e s c o p e .  I t  i s  proposed t o  deve lop  a 36-inch op- 
t i c a l  c o e l o s t a t  i n  the  form of an Azimuth-Elevation type  of t r a c k i n g  
mount w i t h  a Coude focus .  The o p t i c s  w i l l  be designed f o r  the v i s i b l e  
a s  w e l l  a s  f o r  I R  wavelengths.  

The 

C.  P r e c i s e  Cont ro l  System 

The expe r i ence  gained in t h e  development of p r e c i s e  c o n t r o l  SyS- 
terns f o r  RADOT, Multi-Mode Mount, GEOS,  and Lase r  Ranging Systems have 
shown t h e  advantage of i n - l i n e  computer t echn iques .  The c o n t r o l  sys -  
t e m  t o  be developed f o r  t h e  c o e l o s t a t  w i l l  c o n s i s t  of a g e n e r a l  purpose 
computer t h a t  w i l l  be capable  of c o n t r o l l i n g  s e v e r a l  i n s t r u m e n t a t i o n  
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C.  P r e c i s e  Cont ro l  System (Cont 'd . )  

systems s imul taneous ly .  T h i s  development n o t  on ly  p rov ides  t h e  con- 
t r o l  and da ta-handl ing  system f o r  t h e  c o e l o s t a t  bu t  i t  w i l l  serve a s  
a p r o t o t y p e  development f o r  f u t u r e  O p t i c a l  Technology T e s t  and Opera- 
t i o n s  S t a t i o n  Cont ro l  Systems. 

D. F i e l d  Elevated Labora tory  

The elevated f i e l d  l a b o r a t o r y  w i l l  be c o n s t r u c t e d  on t o p  of an  
e x i s t i n g  water tower a t  t h e  GSFC which was o r i g i n a l l y  des igned  and 
c o n s t r u c t e d  wi th  s t r u c t u r a l  members t o  suppor t  such a f a c i l i t y .  The 
f a c i l i t y  w i l l  p rovide  approximately 1200 square feet of l a b o r a t o r y  
space  t o  house e l e c t r o n i c  and o p t i c a l  systems necessa ry  t o  conduct 
h o r i z o n t a l  exper iments  i n  propagat ion  of coherent  l i g h t  through t h e  
atmosphere,  w i th  GORF as  t h e  second t e rmina l .  

- 5 -  



SECTION 111 - PROJECT ANALYSIS & BASIC DESIGN CRITERIA 

7 ,  : ? -  - 
A .  S i t e  , 

1. Addi t ion  t o  E x i s t i n g  Bu i ld ing  

a .  S i t e  S e l e c t i o n  

The f u n c t i o n  of t h e  proposed f a c i l i t y  d i c t a t e s  its 
c l o s e  proximi ty  t o  the  e x i s t i n g  GORF f a c i l i t i e s .  T h i s  . 
w i l l  result  i n  a m u l t i - u s e  of personnel  and of t h e  f a c i l -  
i t i es  both e x i s t i n g  and proposed. 
t h e  e x i s t i n g  o p t i c a l  r e s e a r c h  f a c i l i t y  s i t e  l o c a t e d  approx- 
ima te ly  two m i l e s  n o r t h e a s t  of Goddard Space F l i g h t , C e n t e r ,  
G r e e n b e l t ,  Maryland. 

The s i t e  chosen i s  

b. S e r v i c e  

The e x i s t i n g  access road t o  t h e  w e s t  s i d e  of t h e  
b u i l d i n g  w i l l  be r e l o c a t e d  t o  a l low f o r  t h e  a d d i t i o n .  
T h i s  a c c e s s  road w i l l  be used f o r  bu lk  d e l i v e r i e s  t o  
t h e  basement l e v e l .  

c.  Roads and Park ing  Area 

(1) A s  i n d i c a t e d  above ,  t h e  a c c e s s  road t o  t h e  w e s t  
s i d e  of t h e  basement w i l l  be r e l o c a t e d  t o  make room 
f o r  t h e  a d d i t i o n .  

( 2 )  A 25-car park ing  l o t  w i l l  be added nea r  t h e  e n t r a n c e  
t o  t h e  s i t e  t o  s e r v i c e  t h e  new f a c i l i t y  personnel  
and t o  a l l e v i a t e  t h e  e x i s t i n g  s h o r t a g e  of pa rk ing  
f a c i l i t i e s  on t h e  si te.  

( 3 )  A l l  new roads  and pa rk ing  a r e a s  s h a l l  have a com- 
pac ted  basecourse  and a minimum of a s i n g l e  
bituminous s u r f a c e  t r ea tmen t  des igned  f o r  a 20 
ton c a p a c i t y .  

2. F i e l d  Eleva ted  Laboratory 

a .  S i t e  S e l e c t i o n  

The s i t e  chosen f o r  t h e  e l e v a t e d  l a b o r a t o r y  is on t o p  
of t he  e x i s t i n g  water  tower a t  GSFC. The tower h a s  been 
designed and b u i l t  w i th  t h e  f u t u r e  c a p a b i l i t y  of s u p p o r t i n g  
a l a b o r a t o r y .  The t e c h n i c a l  j u s t i f i c a t i o n  f o r  having  t h e  
l a b o r a t o r y  e l e v a t e d  h a s  been exp la ined  i n  S e c t i o n  I - P r o j e c t  
Requirements. 
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b. S e r v i c e  and Roads 

No a d d i t i o n a l  roads  w i l l  be needed. A p e d e s t r i a n  
walk l e a d i n g  from the  Bui ld ing  16 pa rk ing  l o t  t o  t h e  base 
of t h e  proposed e l e v a t o r  w i l l  be i n s t a l l e d .  

B. A r c h i t e c t u r a l  

1. Addi t ion  t o  E x i s t i n g  Bui ld ing  

a. Module 

The a d d i t i o n  s h a l l  be des igned  and cons t ruc t ed  u s i n g  
masonry u n i t s  layed o u t  on a modular b a s i s  c o n s i s t e n t  w i th  
a r c h i t e c t u r a l  and s t r u c t u r a l  systems and m a t e r i a l s .  

b. A e s t h e t i c s  

The cho ice  of t h e  b u i l d i n g  m a t e r i a l s  and facade  appear- 
ance w i l l  be s i m i l a r  t o  the  e x i s t i n g  s t r u c t u r e s  f o r  purposes  
of (1) c o r r e l a t i n g  t h e  o ld  and t h e  new, ( 2 )  f u n c t i o n  of de- 
s i g n  e lements  and ( 3 )  economy i n  c o n s t r u c t i o n .  

c. General 

The cho ice  of t h e  systems f o r  t h e  f a c i l i t y  is governed 
by the  f u n c t i o n ,  i . e . ,  t h e  c o e l o s t a t  m u s t  n o t  be s u b j e c t  t o  
ground v i b r a t i o n ;  t h e r e f o r e ,  a s p e c i a l  i s o l a t i o n  f o o t i n g  
must be designed f o r  it t o  be mounted on. 

d. Typ ica l  f e a t u r e s  t o  be inco rpora t ed  i n c l u d e :  

(1) Load bea r ing  e x t e r i o r  w a l l s  ( conc re t e  masonry u n i t s )  

( 2 )  Raised  f l o o r  i n  the computer area f o r  c a b l e s  

( 3 )  R e s i l i e n t  f l o o r i n g  i n  a l l  areas excep t  obse rva to ry  

(4) Lay i n  c e i l i n g  i n  o f f i c e ,  c o r r i d o r  and t o i l e t  a r e a s  
( c e i l i n g  of t o i l e t  room s h a l l  be m a t e r i a l  no t  sus -  
c e p t i b l e  t o  mois ture  o r  odor r e t e n t i o n )  

(5) Ceramic t i l e  wainscot and f l o o r  i n  t o i l e t  room 

(6 )  S l i d i n g  roof over obse rva to ry  a r e a  t o  be cons t ruc t ed  
of l i gh twe igh t  me ta l ,  t o  be w e l l  i n s u l a t e d ,  t o  be 
e l e c t r i c a l l y  operated and have a maximum opening t i m e  
of f o u r  minutes 

( 7 )  A l l  basement walls t h a t  w i l l  be below grade t o  be water 
proofed t o  prevent  dampness i n  computer a r e a .  
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2 .  F i e l d  Eleva ted  Labora tory  

a.  Module 

There i s  an e x i s t i n g  p l a t fo rm frame on t h e  water tower 
t h a t  was des igned  t o  suppor t  a l a b o r a t o r y .  I t s  shape is  
hexagonal and measures 2 0 '  0'' a c r o s s  t h e  f l a t s .  T h i s  frame 
w i l l  be inco rpora t ed  i n  t h e  des ign  of t h e  proposed labora-  
t o r y .  The use  of t h e  e x i s t i n g  frame w i l l  lower t h e  cons t ruc -  
t i o n  c o s t s .  

b. A e s t h e t i c s  

The l a b o r a t o r y  w i l l  be l o c a t e d  130 f e e t  above t h e  ground. 
Because of i ts h i g h l y  v i s i b l e  p o s i t i o n  eve ry  e f f o r t  w i l l  be 
made t o  make t h e  l a b o r a t o r y  a e s t h e t i c a l l y  p l e a s i n g  w i t h i n  t h e  
c o n s t r a i n t s  of t h e  budget.  

c. General 

The choice  of sys t ems  w i l l  be governed by (1)  t h e  
e x i s t i n g  hexagonal f rame,  ( 2 )  t h e  l a b o r a t o r y ' s  prominent 
p o s i t i o n  ( i t  should expres s  t h e  n a t u r e  of Goddard's a c t i v -  
i t i e s ) ,  ( 3 )  t h e  f u n c t i o n  of t h e  l a b o r a t o r y  ( i . e . ,  pe r ime te r  
windows t h a t  can be opened t o  a l low l a s e r  beams t o  be s e n t  
and rece ived  from any d i r e c t i o n ;  t h i s  c a p a b i l i t y  w i l l  be 
needed i n  f u t u r e  expe r imen t s ) .  

d. Typica l  F e a t u r e s  

A 1200 pound c a p a c i t y  e l e c t r i c  e l e v a t o r ,  130 f o o t  
t r a v e l ,  two s t o p s ,  a t  100 f e e t  pe r  minute w i l l  be 
i n s t a l l e d  t o  t r a n s p o r t  personnel  t o  t h e  l a b o r a t o r y .  

P e r i m e t e r  casement windows t o  a l l o w  f o r  maximum 
laser experiment f l e x i b i l i t y .  

F loor  s t r u c t u r e  t o  have c a p a b i l i t y  of s u p p o r t i n g  
two 2-ton t a b l e s  used f o r  laser mounts. 

Cur t a in  w a l l  c o n s t r u c t i o n  w i l l  be used because of 
i t s  l i g h t  we igh t ,  i t s  a b i l i t y  t o  r e c e i v e  l a r g e  g l a s s  
a r e a s ,  and a e s t h e t i c  v e r s a t i l i t y .  An a i r  plenum w i l l  
be inco rpora t ed  a long  t h e  bottom of t h e  c u r t a i n  wa l l  
t o  handle  coo l  a i r  d i s t r i b u t i o n .  
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C. C i v i l  - S t r u c t u r a l  

1. Addi t ion  t o  E x i s t i n g  Building 

a .  Foundation 

I n  t h e  a r e a  t o  be excavated a r e i n f o r c e d  c o n c r e t e  w a l l  
w i l l  extend from t h e  basement t o  t h e  f i r s t  f l o o r  level. I n  
t h e  unexcavated area a f o o t i n g  2 ' -6  below grade i s  r e q u i r e d  
t o  suppor t  t h e  c o n c r e t e  block w a l l  s t r u c t u r e .  I n d i v i d u a l  
column f o o t i n g s  are  t o  be provided f o r  t h e  steel frame which 
s u p p o r t s  t h e  metal roof i n  i t s  r e t r a c t e d  p o s i t i o n .  A l l  con- 
crete w i l l  be 3000 PSI a i r - e n t r a i n e d .  The a l lowable  n e t  
b e a r i n g  p r e s s u r e  of t h e  s o i l  i s  assumed t o  be 4000 PSF. 
I n d i v i d u a l  p i e r  f o o t i n g s  w i l l  suppor t  t h e  steel frame t r a c k  
system, 

b. S t r u c t u r e  

T h i s  b u i l d i n g  w i l l  be a d u p l i c a t e  of t h e  e x i s t i n g  i n  
t h a t  t h e  w a l l s  w i l l  be c o n c r e t e  block and t h e  roof over  t h e  
new t e l e s c o p e  w i l l  be pre-fab l ight-gage metal  and r e t r a c t a b l e .  
A crane w i l l  be provided on a r o l l i n g  A-frame. Removable 
p a n e l s  i n  t h e  roof s e c t i o n  w i l l  a l l o w  t h e  c r a n e  t o  be r e t r a c t e d  
when t h e  roof i s  i n  p l a c e ,  Tracks f o r  r o l l i n g  components w i l l  
be mounted on a s t r u c t u r a l  steel frame. I n s o l a t e d  r e i n f o r c e d  
c o n c r e t e  p i e r s  are  provided f o r  t h e  t e l e s c o p e  and a t  t h r e e  
e q u i - d i s t a n t  p o i n t s  around a c e n t r a l  p i e r .  

2. F i e l d  Eleva ted  Laboratory 

a. S t r u c t u r a l  System 

The s t r u c t u r a l  system t o  suppor t  t h e  f l o o r  i s  e x i s t i n g ,  
however, l o a d s  n o t  o r i g i n a l l y  designed f o r  a r e  now proposed 
which n e c e s s i t a t e  m o d i f i c a t i o n s  t o  t h e  s t r u c t u r e .  These 
w i l l  i n c l u d e  steel p i p e  columns gusse ted  t o  tower l e g s  and 
a p u r l i n  t o  g i r d e r  system u t i l i z i n g  steel beams. The f l o o r  
w i l l  c o n s i s t  of l igh tweight  c o n c r e t e  on metal r ibbed deck. 
The roof  and w a l l s  w i l l  be meta l  r i b  p a n e l s  over steel  framing. 

b. E l e v a t o r  

(1) Foundation - The foundat ion  des ign  w i l l  be based on 
i n d i v i d u a l  column f o o t i n g s .  Concrete p i e r s  w i l l  be 
approximately e i g h t  f e e t  below grade.  

( 2 )  S t r u c t u r e  - The e l e v a t o r  tower w i l l  be c o n s t r u c t e d  
of A36 steel thoughout,  capable  of suppor t ing  a 1200 
pound L.L. p l u s  t h e  D.L. of t h e  e l e v a t o r  and motor 
con t r  o 1 s . 
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D. Plumbing 

1. Add i t ion  t o  E x i s t i n g  Bui ld ing  

a .  Water Sys t e m  

(1) The Observatory s i t e  w i l l  be served  by co ld  water 
t h a t  i s  supp l i ed  from a deep water w e l l  w i th  a sub- 
mersib1.e pump loca ted  on Goddard's ad j o i n i n g  Nursery 
s i t e ,  

( 2 )  Hot water  w i l l  be suppl ied  from t h e  e x i s t i n g  b u i l d i n g ' s  
h o t  water  system. 

( 3 )  The e x i s t i n g  s e l f  conta ined  water c o o l e r  will be reused  
i n  the  new b u i l d i n g  c o n f i g u r a t i o n .  

(4)  F i r e  p r o t e c t i o n  w i l l  be Government fu rn i shed  f i r e  ex- 
t i n g u i s h e r s .  

( 5 )  F i x t u r e s  w i l l  be of v i t r e o u s  c h i n a .  Water c l o s e t s  
w i l l  be wal l  hung s iphon j e t  type  hand ope ra t ed  f l u s h  
t anks .  Lava to r i e s  w i l l  be  w a l l  hung wi th  s p l a s h  l i p  
and soap d i spense r .  

b.  S a n i t a r y  System 

(1) The t o i l e t  a reas ,  f l o o r  d r a i n s  and s i n k  type  waste  
w i l l  be d ra ined  i n t o  t h e  O p t i c a l  Obse rva to ry ' s  ex- 
i s t i n g  s e p t i c  d r a i n  system. 

c .  Storm System 

(1) Roof and c lear  wa te r  d ra inage  w i l l  be c o l l e c t e d  and 
d ischarged  t o  t h e  ground. 

( 2 )  Foot ing  d r a i n s  w i l l  be employed i f  r e q u i r e d  by s o i l  
c o n d i t i o n s .  

2 .  F i e l d  Eleva ted  Laboratory 

a .  Exten t  of Work 

(1) No plumbing work i s  r e q u i r e d ,  

b.  F i r e  P r o t e c t i o n  

(1) F i r e  p r o t e c t i o n  w i l l  be Government f u r n i s h e d  f i r e  
e x t i n g u i s h e r s .  
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E. A i r  Cond i t ion ing ,  Heat ing  & V e n t i l a t i n g  

1. Addi t ion  t o  t h e  E x i s t i n g  Bui ld ing  

a.  A i r  Condi t ion ing  

(1) Summer Condi t ions  

O u t s i d e  maximum design p o i n t  95 F DB 7 8  F WB 
I n s i d e  maximum design p o i n t  75 F DB 50% RH 

Winter Condi t ions  

Outs ide  minimum design p o i n t  
I n s i d e  minimum design p o i n t  70 F DB 30% RH 

10 F DB 

( 2 )  A i r  c o n d i t i o n i n g  w i l l  be provided i n  o f f i c e  a r e a s ,  
obse rva to ry  and computer spaces .  

( 3 )  O f f i c e  and observa tory  a r e a s  w i l l  be cond i t ioned  
wi th  packaged w a l l  o r  window mounted d i r e c t  expan- 
s i o n  €an cg i l  type  u n i t s .  

(4) A s e p a r a t e  packaged a i r  c o n d i t i o n i n g  u n i t  w i l l  s e r v e  
t h e  computer areas, 

b .  Heat ing  

(1) A l l  b u i l d i n g  rooms w i l l  be hea ted  e l e c t r i c a l l y  wi th  
convec to r s  o r  cab ine t  t ype  f a n  u n i t  h e a t e r s .  

c. V e n t i l a t i o n  

(1) T o i l e t  a r e a s  w i l l  be exhaus ted  a t  t h e  rate of 20 a i r  
changes p e r  hour.  
system w i l l  be drawn from a d j a c e n t  condi t ioned  a r e a s ,  

Make-up a i r  f o r  t o i l e t  exhaus t  

2 .  F i e l d  Eleva ted  Labora tory  

a .  A i r  Condi t ion ing  
1 .  

(1) Sununer Condi t ions  

O u t s i d e  maximum design p o i n t  95 F DB 7 8  F WB 
I n s i d e  maximum des ign  p o i n t  75 F DB 50% RH 
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(2)  Winter Condi t ions  

Outs ide  minimum des ign  p o i n t  
I n s i d e  minimum des ign  p o i n t  7 0  F DB 30% RH 

10 F DB 

(3)  The b u i l d i n g  w i l l  be cond i t ioned  wi th  packaged w a l l  
o r  window mounted d i r e c t  expansion f a n  c o i l  type  u n i t s .  

b. Heat ing  

(1) The b u i l d i n g  w i l l  be hea ted  e l e c t r i c a l l y  w i t h  convec to r s  
o r  c a b i n e t  type f a n  u n i t  h e a t e r s .  

F. E l e c t r i c a l  

1. Addi t ion  t o  E x i s t i n g  Bui ld ing  

a. General 

(1) The b u i l d i n g  w i l l  be supp l i ed  a t  120/208 v o l t  t h r e e  
phase f o u r  w i r e  f o r  l i g h t i n g  and u t i l i t y  l oads .  

( 2 )  The b u i l d i n g  w i l l  be supp l i ed  a t  480 v o l t  t h r e e  phase 
t h r e e  w i r e  for h e a t i n g  and c o o l i n g  power. 

( 3 )  The new b u i l d i n g  s y s t e m  f o r  l i g h t i n g  and u t i l i t y  
power w i l l  be f e d  from t h e  e x i s t i n g  400 ampere s e r v i c e  
pane l  i n  t h e  e x i s t i n g  obse rva to ry .  

(4) The new b u i l d i n g  power w i l l  be fu rn i shed  from a new 
480 v o l t  pane l  fed  from an outdoor 480 v o l t  load  
c e n t e r .  

( 5 )  Emergency s tandby power w i l l  be f u r n i s h e d  a t  120/208 
v o l t s  t h r e e  phase f o u r  w i r e  through a n  au tomat i c  
t r a n s f e r  swi t ch ing  arrangement.  

b. Estimated Electr ical  Loads 

(1) 120/208 v o l t  t h r e e  phase f o u r  w i r e  

(a)  L i g h t i n g  - 2500 square feet @ 10 wa t t s / squa re  f o o t -  
2 5KVA . 

(b)  U t i l i t y  Power 

- O f f i c e  area-400 squa re  feet  @ 5 wa t t s / squa re  
f o o t  - 2KVA 
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(b )  U t i l i t y  Power (Cont 'd . )  

- Observatory area-900 squa re  f e e t  @ 50 w a t t s /  
squa re  f o o t  - 45KVA 

- Labora tory  a r e a  - 1200 square f e e t  @ 20 w a t t s /  
squa re  f o o t  - 24KVA 

- Roof motor - two r o o f s  @ 1HP - 2KVA 

( 2 )  277/480 v o l t  t h r e e  phase t h r e e  w i r e  

(a )  Water pump - lKVA 

( b )  Heat ing  - 30 KVA 

(c)  A i r  Condi t ion ing  - 15KVA 

c.  Power D i s t r i b u t i o n  

(1) Primary power w i l l  be f u r n i s h e d  from 13,800 v o l t  t h r e e  
phase t h r e e  w i r e  s e r v i c e  from Goddard Space F l i g h t  
Center .  

( 2 )  Standby primary power w i l l  be f u r n i s h e d  from e x i s t i n g  
4160 v o l t  t h r e e  phase f o u r  w i r e  system from A g r i c u l t u r a l  
Research Center .  

( 3 )  Secondary power w i l l  be ob ta ined  from outdoor load ten- 
ter u s i n g  13,800-277/480 v o l t  t h r e e  phase t h r e e  w i r e  
l i q u i d  f i l l e d  t ransformer  and 480-120/208 v o l t  t h r e e  
phase f o u r  w i r e  l i q u i d  f i l l e d  t r ans fo rmer .  

(4) Low v o l t a g e  s e r v i c e  w i l l  be supp l i ed  from new branch 
c i r c u i t  panelboards l o c a t e d  a s  r e q u i r e d .  

d. L igh t ing  

(1) L igh t ing  i n  o f f i c e  a r e a  w i l l  be s u r f a c e  mounted f l u o r e s -  
c e n t  f i x t u r e s  s i m i l a r  t o  f i x t u r e s  i n  e x i s t i n g  bu i ld ing .  

(2 )  L i g h t i n g  i n  observa tory  a r e a  w i l l  be roof-mounted in-  
candescent  f i x t u r e s  wi th  supplemental  l i g h t i n g  supp l i ed  
by w a l l  mounted incandescent f i x t u r e s .  

( 3 )  L i g h t i n g  i n  t h e  l abora to ry  area w i l l  be c e i l i n g  mounted 
incandescent  f i x t u r e s ,  
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e. U t i l i t y  Power 

(1) O f f i c e  area w i l l  be supp l i ed  wi th  duplex  r e c e p t a c l e s  
mounted 18" above t h e  f i n i s h e d  f l o o r  on s i x  f o o t  
centers around pe r ime te r  of room. 

(2 )  Observa tory  area w i l l  be supp l i ed  wi th  duplex recep- 
tacles mounted 4 '6"  above f i n i s h e d  f l o o r  and spaced 
on f o u r  f o o t  c e n t e r s  around the  per imeter  of t h e  
room . 

( 3 )  The l a b o r a t o r y  a r e a  w i l l  be supp l i ed  w i t h  r e c e p t a c l e s  
raceway mounted 4'0" ab6ve f i n i s h e d  f l o o r  w i th  double 
duplex r e c e p t a c l e s  mounted on two f o o t  c e n t e r s .  

f .  Grounding 

(1) I n d i v i d u a l  ground wires w i l l  be run  from d i s t r i b u t i o n  
p a n e l s  t o  r e c e p t a c l e s  and motors.  

( 2 )  An i n s u l a t e d  ground system w i l l  be provided i n  t h e  
l a b o r a t o r y  a r e a s .  

(3)  A b u i l d i n g  ground loop  w i l l  be provided around t h e  
b u i l d i n g  wi th  connec t ions  t o  ground rods  and t h e  
b u i l d i n g  e lectr ical  system. 

2. F i e l d  Eleva ted  Labora tory  

a. General 

(1) The b u i l d i n g  w i l l  be s u p p l i e d  w i t h  power u s i n g  120/208 
v o l t  t h r e e  phase f o u r  w i r e  s e r v i c e .  

(2 )  Power w i l l  be supp l i ed  from an  e x i s t i n g  outdoor  sub- 
s t a t i o n  a t  t h e  base of t h e  tower. 

b. Es t imated  E l e c t r i c a l  Loads 

(1) L i g h t i n g  - 1 ,000  squa re  f e e t  @ 5 watts/square foot-5KW 

( 2 )  U t i l i t y  Power - 1 ,000  s q u a r e  feet  @ 20 w a t t s h q u a r e  
foot-20 KW 

( 3 )  Heat ing  and Cooling Power-3KW 

(4) E l e v a t o r  Power-1OKW 
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c. Power D i s t r i b u t i o n  

(1) Secondary power w i l l  be ob ta ined  from outdoor  sub- 
s t a t i o n  a t  120/208V t h r e e  phase f o u r  w i r e .  

( 2 )  Secondary power w i l l  be d i s t r i b u t e d  i n  t h e  room from 
branch c i r c u i t  panelboards as r equ i r ed .  

d .  Ligh t ing  i n  t h e  l abora to ry  room w i l l  be s u r f a c e  mounted 
incandescent  f i x t u r e s .  

e. U t i l i t y  power w i l l  be supp l i ed  by e lec t r ica l  raceway 
mounted below t h e  window l i n e  and wi th  double duplex 
r e c e p t a c l e s  spaced a t  t h r e e  f o o t  i n t e r v a l s  around t h e  
pe r ime te r  of t h e  room. 

f .  Grounding 

(1) I n d i v i d u a l  ground wires w i l l  be run from t h e  d i s t r i -  
bu t ion  p a n e l s  t o  r e c e p t a c l e s  and motors. 

( 2 )  The b u i l d i n g  w i l l  be grounded t o  t h e  tower steel .  

( 3 )  An i n s u l a t e d  l a b o r a t o r y  ground w i l l  be provided w i t h  
connec t ion  t e rmina l s  i n  t h e  r e c e p t a c l e  raceway con- 
nec ted  by c a b l e  t o  a grounding coun te rpo i se  a t  t h e  
base  of t h e  tower.  
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SECTION IV SCHEDULE FOR CONSTRUCTION OF ADDITION TO EXIST BLDG. 8 
FIELD ELEVATED LABORATORY 

1969 



. 

LINE ITEM TITLE 

1. ADDITION TO EXISTING BUILDING AND 
2. FIELD ELEVATED LABORATORY 
ESTIMATED ARCHITECT AND ENGINEER FEE 

TOTAL 

SECTION V I? E.R. ESTIMATE 
EST C O S T  

148,978 
86,795 
16,527 

252,300, 

DESCRIPTION 
A. PRINCIPAL CONSTRUCTION FEATURES 

UNIT QUANTITIES ENGINEERING EST I BUDGET EST. 
UNIT COST I COST I UNIT COST1 COST 

GENERAL S. F. 2500 19.50 48,750 21.45 53,625 

ELECTRICAL S. F. 2500 9.42 23,560 10.36 25,916 

2500 5.25 13,125 5.77 14,437 

PLUMBING s. F. 2 500 2.00 5,000 2.20 5,500 

H E AT I N G , VENT 
,AIR CONDITION. s. F. 

SLIDING 
ROOF 
CRANE 
RELOCATED 
ROAD 

PARKING LOT 

I SUB TOTAL I 36.17 I 90,435 I 39.78 I 99,478 I 

- - - L. s. 21,000 23,100 

L S  15,000 16,500 

2,500 2,750 

7,150 

- - - 
- - - 

- ~ - L S 6,500 

B. 

45,000 - SUB TOTAL - 49,500 

2. FIELD ELEVATED LABORATORY 

TOTAL (ADDITION TO EXISTING __ BUILDING 

A. 

B. 

148,978 

GENERAL S F  1200 25.00 30,000 27.50 33,000 

ELECTRICAL S. F 1200 3 35 4,030 3.70 4,433 

1200 4.06 4,075 ‘6  5,362 
HEATING,VENT 
AIR CONDITION. -, 

PLUMBING 

I SUB TOTAL I 32.41 I 38,905 I 35.66 I 42,795 1 
- - - S. F. -0- -0- 

- - - 4 4,000 40,000 ELEVATOR 8 
ELEVATOR TOWER1 I 

44,000 
TOTAL ( FIELD ELEVATED LABORATORY 1 86,795 

SUB TOTAL - 40,000 - 

LINE ITEM .TOTAL 235,773 
C = CONTINGENCY = 10% 
E = ENGINEERING ESTIMATE 
BUDGET ESTIMATE = E ( 1.00 + . IO)=  1.10 E 



f? E.R. ESTIMATE 

ADDITION TO 
EXISTING BLDG. a 

t I I 1 -  

I T E M I Z E D  
PREVIOUS PAGE 

I EST. C O S T  I UNIT I I DISCRIPTION 

F I E L D  ELEVATED 
LABORATORY 

C E O L O S T A T  

252,300 

L. s. 2 8 5 , 0 0 0  

CEO L O  S TAT 
DESIGN FEE 

PRECISE CONTROL 
S Y S T E M  

L. s. 15,000 

L. s. 200,000 

TOTAL I 752,300 I 
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